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Abstract 
Isolation and Characterization of Aerobic Bacteria Associated 
with Pneumonic Lungs of Cattle in Singa Slaughter House, 
Sinnar State 
      This study was carried out in Singa slaughter house, Sinnar State, to isolate 
and identify aerobic bacteria associated with pneumonic lungs of slaughter 
cattle. Fifty pneumonic lungs were bacteriologically examined; 34(68%) 
samples showed bacterial growth and 16 (32%) samples did not show any 
bacterial growth. All lungs had clear gross pneumonic lesions with nodules and 
different discoloration throughout the lungs (congestion, red hepatisation, and 
gray hepatisation). Samples of infected lungs were transported to the laboratory 
in ice and cultured on blood agar and MacConkey's agar plates and incubated at 
37OC for 24 hours. Isolates were purified and identified according to their 
staining reactions, cell morphology and cultural and biochemical 
characteristics. Ninety two bacterial isolates were obtained from the 34 (68%) 
samples. Forty six (49.7%) of the isolates were Gram-positive which included 
25(27%)  Staphylococcus spp., 5(5.4%) Micrococcus, 4(4.3%) Bacillus, 
3(3.2%) Kurthia, 3(3.2%) Enterococcus, 3(3.2%) Aerococcus, 1(1.1%) 
Corynebacterium, 1(1.1%) Lactobacillus, and 1(1.1%) Lactococcus spp. 
 Forty six (49.7%) of the isolates were Gram-negative bacteria, composing 
10(10.8%) Aeromonas spp., 9(9.7%) Vibrio, 6(6.5%) Enterobacter, 5(5.4%) 
Escherichia, 4(4.3%) Pseudomonas, 3(3.2%) Arcobacter, 2(2.2%) 
Provedencia, 3(3.2%) Bordetella, 1(1.1%) Eikenella, 1(1.1%) Serratia, 
1(1.1%) Acinetobacter and 1(1.1%) Yersinia spp.   
    Sensitivity of all isolates to different antibiotics was determined using the 
disc diffusion method. Some isolates were sensitive, while others were 
resistant. The most effective antibacterial drugs were Gentamycin and 
Ciprofloxacin (%100) and the least effective was Tylosin (%38.5). The 
conclusions of this work were Gram-positive and Gram-negative bacteria were 
isolated from pneumonic lungs of slaughter cattle. The negative results which 
didn’t show bacterial growth indicated that there were other causes of 
pneumonia in cattle beside bacteria. The more effective antibiotics against the 
bacterial isolates were Gentamycin and Ciprofloxacin (100%), Tetracycline 
(94.6%) and Trimethoprim (87.4%). The resistance to the other antibiotics may 
be due to the use of sub-doses and incomplete duration of the treatment or 
extensive use of these antibiotics in the area. It is recommended that the 
predisposing factors of cattle to pneumonia must be studied so as to be 
controlled. Infected animals must be treated with suitable antibiotics at the 
recommended dose. Use of special media, various atmospheric conditions for 
incubation and for long durations. Recovery of more fastidious bacteria which 
play a role in pneumonia in cattle.  
               
 
  
  
 
 
 
 
  
  
  
  
 
  ﻋﺰل وﺗﺼﻨﻴﻒ اﻟﺒﻜﺘﺮﻳﺎ اﻟﻬﻮاﺋﻴﺔ اﻟﻤﺘﺮاﻓﻘﺔ ﻣﻊ اﻻﻟﺘﻬﺎب اﻟﺮﺋﻮى ﻓﻰ رﺋﺎت اﻻﺑﻘﺎر 
  ﻓﻰ ﻣﺴﻠﺦ ﺳﻨﺠﺔ، وﻻﻳﺔ ﺳﻨﺎر 
  اﻟﻤﺴﺘﺨﻠﺺ 
وﻻﻳﺔ ﺳﻨﺎر، ﺑﻐﺮض اﻟﻌﺰل واﻟﺘﻌﺮف ﻋﻠﻰ اﻟﺒﻜﺘﻴﺮﻳﺎ  -ﻣﺪﻳﻨﺔ ﺳﻨﺠﺔاﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻓﻰ ﻣﺴﻠﺦ 
  .اﻟﻬﻮاﺋﻴﺔ اﻟﻤﺘﺮاﻓﻘﺔ ﻣﻊ اﻻﻟﺘﻬﺎب اﻟﺮﺋﻮى ﻓﻰ رﺋﺎت اﻻﺑﻘﺎر اﻟﻤﺬﺑﻮﺣﺔ
 61اﻇﻬﺮت ﻧﻤﻮا ﺟﺮﺛﻮﻣﻴﺎ واﻟﺒﻘﻴﺔ %( 86) 43اﺧﺘﺒﺮت ﺧﻤﺴﻮن رﺋﺔ ﻣﺼﺎﺑﺔ ﻟﻠﻨﻤﻮ اﻟﺠﺮﺛﻮﻣﻰ ﻣﻨﻬﺎ 
آﻞ اﻟﺮﺋﺎت اﻟﻤﺼﺎﺑﺔ ﺗﺤﻤﻞ اﻓﺎت ﻋﻴﺎﻧﻴﺔ ﻣﺜﻞ اﻟﺤﺒﻴﺒﺎت . ﻟﻢ ﺗﻈﻬﺮ اى ﻧﻤﻮ ﺟﺮﺛﻮﻣﻰ%( 23)ﻋﻴﻨﺔ 
ﺜﻠﺞ ﺗﻢ ارﺳﺎل اﻟﻌﻴﻨﺎت اﻟﻰ اﻟﻤﻌﻤﻞ ﻣﺤﻔﻮﻇﺔ ﻓﻰ اﻟ(. اﻻﺣﺘﻘﺎن، اﻟﺘﻜﺒﺪ اﻻﺣﻤﺮ واﻟﺘﻜﺒﺪ اﻟﺮﻣﺎدى)واﻟﺘﻠﻮﻳﻦ 
ﺳﺎﻋﺔ، ﺗﻤﺖ ﺗﻨﻘﻴﺔ  42ﻟﻤﺪة  73وﻣﻦ ﺛﻢ ﺗﻢ ﺗﺰرﻳﻌﻬﺎ ﻓﻰ اﺟﺎر اﻟﺪم واﻟﻤﺎآﻮﻧﻜﻰ وﺣّﻀﻨﺖ ﻓﻰ درﺟﺔ ﺣﺮارة 
اﻟﻌﺰﻻت واﻟﺘﻌﺮف ﻋﻠﻴﻬﺎ ﺑﻮاﺳﻄﺔ اﻟﺘﻔﺎﻋﻞ اﻟﺼﺒﻐﻰ واﻟﺨﺼﺎﺋﺺ اﻟﺸﻜﻠﻴﺔ اﻟﺨﻠﻮﻳﺔ واﻟﻤﺴﺘﻨﺒﺘﻴﺔ 
ﻴﺎ ﻋﻴﻨﺔ اﻟﺘﻰ اﻇﻬﺮت ﻧﻤﻮا ﺟﺮﺛﻮﻣ 43ﻋﺰﻟﺔ ﺟﺮﺛﻮﻣﻴﺔ ﻣﻦ ال 29ﺗﻢ اﻟﺤﺼﻮل ﻋﻠﻰ . واﻟﺒﺎﻳﻮآﻴﻤﻴﺎﺋﻴﺔ
: ﻣﻦ ﺟﻤﻠﺔ اﻟﻌﺰﻻت ﺑﺎﻧﻬﺎ ﺑﻜﺘﻴﺮﻳﺎ ﻣﻮﺟﺒﺔ ﻟﻠﺠﺮام ﺷﻤﻠﺖ اﻧﻮاع%( 7.94)ﻋﺰﻟﺔ  64ﻋﺮﻓﺖ 
، %(2.3)3، آﻴﺮﺛﻴﺎ %(2.3)3، ﺑﺎﺳﻠﺲ %(4.5)5، ﻣﺎﻳﻜﺮوآﻜﺲ %(72)52اﺳﺘﺎﻓﻴﻠﻮآﻮآﻜﺲ 
، %(1.1)1، آﻮراﻳﻨﻰ ﺑﺎآﺘﺮﻳﻢ%(1.1)1، اﻳﺮوآﻮآﻜﺲ %(2.3)3اﻧﺘﻴﺮوآﻮآﻜﺲ 
ﺑﻜﺘﻴﺮﻳﺎ ﺳﺎﻟﺒﺔ ﻟﻠﺠﺮام ﺷﻤﻠﺖ %( 7.94) 64ﺎﻧﺖ وآ%(. 1.1)1، ﻻآﺘﻮآﻮآﻜﺲ%(1.1)1ﻻآﺘﻮﺑﺎﺳﻠﺲ
، %(4.5)5، اﺷﺮﻳﺸﻴﺎ %(5.6)6، اﻧﺘﻴﺮوﺑﺎآﺘﺮ %(7.9)9، ﻓﺒﺮﻳﻮ %(8.01)01اﻳﺮوﻣﻮﻧﺎس 
، %(2.3)3، ﺑﻮردﻳﺘﻴﻼ %(2.2)2، ﺑﺮوﻓﻮدﻧﺸﻴﺎ %(2.3)3، اﻳﺮوﺑﺎآﺘﺮ %(3.4)4ﺳﻮدوﻣﻮﻧﺎس 
وﺣﺪدت %(. 1.1)1، ﻳﺮﺳﻴﻨﻴﺎ %(1.1)1، اﺳﻴﻨﻴﺘﻮ ﺑﺎآﺘﺮ%(1.1)1، ﺳﺮﻳﺘﻴﺎ %(1.1)1اآﻴﻨﻴﻼ 
ﺣﺴﺎﺳﻴﺔ اﻟﻌﺰﻻت ﻟﻠﻤﻀﺎدات اﻟﺤﻴﻮﻳﺔ ﺑﻄﺮﻳﻘﺔ اﻧﺘﺸﺎر اﻟﻘﺮص ، ﻓﻜﺎﻧﺖ اﻟﻨﺘﺎﺋﺞ ﻣﺘﻔﺎوﺗﺔ ﻟﻜﻦ اآﺜﺮ اﻟﻌﻘﺎﻗﻴﺮ 
ﺑﻴﻨﻤﺎ اﻗﻞ اﻟﻌﻘﺎﻗﻴﺮ ﻓﺎﻋﻠﻴﺔ ﻓﻜﺎﻧﺖ % 001ﻓﺎﻋﻠّﻴﺔ آﺎﻧﺖ اﻟﺠﻨﺘﺎﻣﻴﺴﻴﻦ واﻟﺴﺒﺮوﻓﻠﻮآﺴﺎﺳﻴﻦ ﺑﻨﺴﺒﺔ 
ﺪراﺳﺔ اﻟﻰ ان آﻞ ﻣﻦ ﺧﻠﺼﺖ هﺬﻩ اﻟ. ﻣﻦ اﻟﻌﺰﻻت اﻇﻬﺮت ﺣﺴﺎﺳﻴﺔ ﻟﻪ% 5.83اﻟﺘﺎﻳﻠﻮﺳﻴﻦ ﺣﻴﺚ ان 
اﻟﺒﻜﺘﺮﻳﺎ اﻟﻤﻮﺟﺒﺔ واﻟﺴﺎﻟﺒﺔ ﻟﻠﺠﺮام ﻗﺪ ﺗﻢ ﻋﺰﻟﻬﺎ ﻣﻦ رﺋﺎت اﻻﺑﻘﺎر اﻟﻤﺼﺎﺑﺔ، اﻣﺎ اﻟﻌﻴﻨﺎت اﻟﺘﻰ ﻟﻢ ﺗﻈﻬﺮ اى 
ﻧﻤﻮا ﺑﻜﺘﻴﺮﻳﺎ دﻟﺖ ﻋﻠﻰ ان هﻨﺎك ﻣﺴﺒﺒﺎت اﺧﺮى ﻟﻼﻟﺘﻬﺎب اﻟﺮﺋﻮى ﻓﻰ اﻻﺑﻘﺎر ﺑﺎﻻﺿﺎﻓﺔ ﻟﻠﻤﺴﺒﺒﺎت 
ﻧﺖ اﻟﺠﻨﺘﺎﻣﻴﺴﻴﻦ واﻟﺴﺒﺮوﻓﻠﻮآﺴﺎﺳﻴﻦ اﻟﺠﺮﺛﻮﻣﻴﺔ، اآﺜﺮ اﻟﻤﻀﺎدات اﻟﺤﻴﻮﻳﺔ ﻓﻌﺎﻟﻴﺔ ﺿﺪ اﻟﻌﺰﻻت آﺎ
، اﻟﻤﻘﺎوﻣﺔ ﻟﺒﻌﺾ اﻟﻤﻀﺎدات %(4.78)واﻟﺘﺮاى ﻣﻴﺜﻮﺑﺮﻳﻢ %( 6.49)واﻟﺘﺘﺮاﺳﻴﻜﻠﻴﻦ %( 001)
اﻟﺤﻴﻮﻳﺔ ﻗﺪ ﺗﻜﻮن ﻧﺘﻴﺠﺔ ﻻﺳﺘﺨﺪام اﻟﻤﻀﺎدات اﻟﺤﻴﻮﻳﺔ دون اﻟﺠﺮﻋﺔ اﻟﻌﻼﺟﻴﺔ او ﻋﺪم اآﻤﺎل ﻓﺘﺮة اﻟﻌﻼج 
ﺗﻮﺻﻰ اﻟﺪراﺳﺔ ﺑﺪراﺳﺔ اﻟﻌﻮاﻣﻞ . ﻤﻨﻄﻘﺔاو ﻧﺘﻴﺠﺔ ﻟﻼﺳﺘﻌﻤﺎل اﻟﻤﻜﺜﻒ ﻟﻬﺬﻩ اﻟﻤﻀﺎدات اﻟﺤﻴﻮﻳﺔ ﻓﻰ اﻟ
اﻟﻤﺆهﺒﺔ ﻟﻼﻟﺘﻬﺎب اﻟﺮﺋﻮى وﻣﻦ ﺛﻢ اﻟﺴﻴﻄﺮة ﻋﻠﻴﻬﺎ، آﻤﺎ ﻳﺠﺐ ان ﺗﻌﺎﻟﺞ اﻟﺤﻴﻮاﻧﺎت اﻟﻤﺼﺎﺑﺔ ﺑﺎﻟﻤﻀﺎدات 
اﻟﺤﻴﻮﻳﺔ اﻟﻤﻨﺎﺳﺒﺔ وﺑﺎﻟﺠﺮﻋﺔ اﻟﻤﻨﺎﺳﺒﺔ، اﺳﺘﻌﻤﺎل اﻻوﺳﺎط اﻟﺨﺎﺻﺔ واﻟﺘﺤﻀﻴﻦ ﻓﻰ ﻇﺮوف ﻣﺨﺘﻠﻔﺔ 
اﻟﺼﺎﻣﺪة واﻟﺘﻰ ﺗﻠﻌﺐ دورا ﻓﻰ اﻻﻟﺘﻬﺎب اﻟﺮﺋﻮى وﻟﻔﺘﺮات ﻃﻮﻳﻠﺔ رﺑﻤﺎ ادى ﻟﺰﻳﺎدة ﻓﺮص ﻋﺰل اﻟﺠﺮاﺛﻴﻢ 
  .       ﻓﻰ اﻻﺑﻘﺎر
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Introduction  
      Pneumonia is inflammation of pulmonary parenchyma usually 
accompanied by inflammation of the bronchioles an often by pleurisy. It is 
manifested clinically by an increase in the respiratory rate, changes in the 
depth and character of respiration, coughing, abnormal breath sounds on 
auscultation and, in most bacterial pneumonias, by evidence of toxaemia 
(Blood et al., 1983). Pneumonia is the most economically important disease 
among cattle and is second only to gastrointestinal disease as a cause of 
disease and losses in calves (Griffin, 1997). Bovine respiratory diseases are 
associated with stressful conditions, such as commingling and shipment of 
cattle, coupled with viral and bacterial infections. The result of these 
conditions is often acute pneumonia that can result in death or in transient 
illness that may resolve after appropriate treatment, or progression to chronic 
pneumonia (Mosier, 1997). 
 Pneumonia is a cause of major economic loss for the cattle industry, 
associated with decreased production, higher levels of mortality and increased 
veterinary and labour costs. The long-term impact can be equally, if not more, 
damaging. The fibrosis and loss of functional lung capacity in animals that 
recover from pneumonia has a negative impact on daily live weight gains. For 
the beef producer this means a longer finishing time, whilst for those rearing 
dairy replacements, it means an increase in the age at first calving and the 
subsequent negative effects this has on production and reproductive 
performance (Tim, 2007). In Sudan pneumonia in cattle was studied only in 
Khartoum State by Isam Eldeen (2003) and Nahid (2010), in addition to other 
studies on contagious bovine pleuropneumonia. Pneumonia is an important 
diseases encountered by veterinarian in Singa slaughter house, and which 
causes complete or partial condemnation of lungs of cattle. Many antibiotics 
are commonly used for treatment, some-times without effect, therefore, the 
objectives of this study were to:  
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-  Isolate and identify aerobic bacteria associated with pneumonic lungs 
of cattle in Singa slaughter house.  
-  Study the antibiotic sensitivity patterns of the isolates. 
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Chapter one 
Literature review   
    1.1. Pneumonia: 
          Diseases of the respiratory tract are a major health problem of cattle 
worldwide (Morino, 1990). They are also important welfare problem of 
neonatal calves (Roy, 1990). Calf losses are common and are generally 
connected with bacterial infections leading to pneumonia, diarrhea, and 
subsequent sepsis, which is a potential complication of pneumonia (Lofstet et 
al., 1999). 
 Respiratory diseases in cattle are often associated with the youngest animals 
such as calves, heifers or steers (Hartel et al., 2004; Ames, 1997). Most cases 
appear before the age of two-years old /if not before the end of the first month 
of life, (Crowe, 2001). Pneumonia is the primary cause of sickness and death 
in feedlot operations. Edwards (1996) reports that 65 to 80% of morbidity 
within a feeding period occurs in the first 45 days, and 67 to 82% of the total 
morbidity was due to respiratory diseases. Vogel et al., (1994) reported that 
calves that were treated for bovine respiratory disease (BRD) early in the 
feeding period gained 0.14 lbs. less per day during the entire feeding period 
compared to pen-mates that remained healthy. A study in Nebraska by Wittum 
et al. (1995) showed similar losses with average daily gain being 0.18 lbs. less 
in cattle with lung lesions at slaughter compared to those without lung 
damage. Another important cost of BRD in feeder cattle is the treatment cost 
poor weight gain, and decreased carcass value of cattle that are diagnosed with 
BRD and that fail to respond to treatment or to die. 
      Pneumonia is an acute inflammation of the lung with copious exudates 
filling the alveoli regardless of the cause (Jones et al., 1996). Pneumonia is the 
most frequently occurring respiratory affections in domestic animals, since the 
etiologic agents are bacteria, viruses or viruses complicated with bacteria 
(Allan et al., 1991). Other pneumonic pathogens-but less frequently–could be 
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recovered from pneumonic lungs are Staphylococcus aureus, Streptococcus 
Pneumonae (Beiter et al., 2006) and Escherichia coli (Wessely et al., 2005). 
       Enzootic pneumonia in young calves is a multifactorial disease that occurs 
mainly in two different systems: in housed dairy calves reared for replacement 
or in housed calves reared for beef in a herd other than the herd of origin. 
Dairy calves are likely to suffer from the disease at any age; manifested itself 
as a chronic, coughing pneumonia, or as more acute, enzootic calf pneumonia. 
Older dairy calves are also vulnerable after housing in the autumn. Sucker-
calves are more likely to suffer from respiratory disease between two and five 
months of age, following weaning or transport from one herd to another. 
Outdoor reared beef sucker calves can also be severely affected by pneumonia 
(Peters, 1986; Scott, 1997). 
       The responses of the respiratory tract to disease are determined largely by 
the structurally and functional complexity of the system. Cattle seem to be 
very susceptible to respiratory diseases. One reason is that the bovine 
respiratory tract is small; relative to the body size. Small nostrils limit air flow, 
increasing breathing effort. A narrow throat passage can easily become dry 
and irritated, allowing invasion by microorganisms (Jubb et al., 1985). Most 
of the diseases of the respiratory system are caused by damaging agents that 
arrive either as airborne (aerogenous) or blood borne (haematogenous). 
Airborne infectious agents commonly cause respiratory diseases and in some 
intensive systems of animal husbandry they constitute the most important 
cause of morbidity and mortality. A variety of inhaled non infectious agents 
cause disease less frequently e.g. organic allergens, caustic gases, fumes, 
chemicals and in-organic dust (Jubb et al., 1985).  
 The normal bacterial flora of the respiratory tract is important in that they 
prevent adherence and colonization by invading pathogenic bacteria (Jubb et 
al., 1985). 
Bovine respiratory diseases (BRD) are a major health problem of cattle 
worldwide. They inflict considerable financial losses in beef herds (Moreno-
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Lopez, 1990; Johnson, 1991; Lekeaux, 1995; Kapil and Basaraba 1997; Prado 
et al., 2005) and are the most common cause of mortality in dairy cattle 
(Wikse and Baker 1996).  
1.2. Predisposing factors:  
       Predisposing factors play an important role in vulnerability of animal to 
disease (Lagace et al., 1961; Shone et al., 1972; Davis et al., 1977; Ikede, 
1978). They include a variety of stresses that fall into main categories: 
management and environment, and infectious agents (Hollis, 1996). The main 
environmental factors predisposing calves to respiratory disease are poor 
ventilation in calf housing (Anderson et al., 1978; Lamprecht, 1982; Pritchard, 
1982) cold, humid conditions, sudden changes in air temperature, stress due to 
different causes and changes in the environment (Phillippo et al., 1987; 
Webster et al., 1985; Roe, 1982; Scott, 1995). Inadequate intake of colostrum 
or poor quality colostrum will affect the calves defence against respiratory 
agents and make them more susceptible to infection (Virtala et al., 1999). 
Weaning of calves before five weeks of age has been associated with 
increased respiratory disease. Rearing systems where calves of different origin 
are mixed together at a young age result in high levels of respiratory diseases 
(Miller et al., 1987). Large, shared air spaces, calves from different age groups 
and poor sanitation between calf batches often make these systems even more 
vulnerable (Ostergaard et al., 1986; Losinger and Heinrichs, 1996). Calves 
that have suffered from diarrhoea are also more likely to suffer from 
respiratory disease. The stress associated with management procedures such as 
disbudding and castration may also be associated with a high respiratory 
disease incidence. 
Infectious agents incriminated as stresses include: Infectious bovine 
rhinotracheitis, Para influenza virus, bovine respiratory syncytial virus, bovine 
diarrhoea virus and other viruses that can affect the respiratory system, as well 
as Chlamydia and Mycoplasma species (Hollis, 1996).  
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1.3. Symptoms of pneumonia: 
      Pneumonia may be broadly separated into two forms: acute and chronic. 
The chronic form is of insidious onset, with very few clinical signs apart from 
a dry cough and a slightly increased respiratory rate. The acute form often 
presents as an outbreak, with several animals succumbing to the disease within 
a 48-hours period. Common symptoms include fever, inappetance, dyspnoea 
and ocular/nasal discharge (Tim, 2007). Cattle suffering from early symptoms 
of pneumonia will eat less and show signs of depression. A cow that is ill 
lowers her head low and hid among the group. 
1.4. Pathology of pneumonia: 
     Pneumonia is classified as acute, sub acute or chronic, on an etiological  
basis by major categories of causative agent, according to morphologic 
features, or according to the type of inflammation. There are two main 
subcategories: exudative pneumonia, in which the emphasis is on filling of the 
alveoli exudates with predominant catarrhal, fibrinous, suppurative, 
haemorrhagic or necrotizing material; and proliferate pneumonias, in which 
emphasis is on proliferation of alveolar with type II cells, fibroblasts, 
macrophages and additional elements. Morphologically pneumonias is 
classified according to initial site of involvement and the pattern of spread of 
the lesion. On this basis, most pneumonias fall into three main categories: 
bronchopneumonia, lobar pneumonia and interstitial pneumonia (Jubb et al., 
1985).       
1.4.1. Bronchopneumonia: 
      Bronchopneumonia studied with an inflammation in the bronchio-alveolar 
junction, involving usually the cranioventral regions of the lungs. Bacteria are 
the main cause of clinically significant bronchopneumonia and many of their 
species are involved such as Corynebacterium spp., Klebsiella spp. and E. coli 
(Jubb et al., 1985). Streptococcus spp. And Staphylococcus aureus (Sta. 
aureus) were associated with this type (Abubakr, 1980). A post-mortem 
examination revealed moderate bronchopneumonia of the cranioventral lung 
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lobes. Several small, firm, raised, nodular lesions containing a dry caseous 
material and measuring approximately 2-10 mm were disseminated throughout 
the lungs. The associated lung parenchyma was dark red and firm (Shahriar et 
al. , 2002; Step et  al., 2001). Jubb et al. (1985) mentioned that the bronchioles 
and adjacent alveoli would be filled with neutrophils, various amount of 
debris, mucous, fibrin and macrophages. The bronchiolar epithelium varies 
from necrotic to hyperplastic. 
1.4.2. Lobar pneumonia: 
     . Infectious lobar pneumonia affects large portions of cranioventral lungs. 
Lobar pneumonias are haemorrhagic, fibrinous, fibrinopurulent or necrotizing. 
Entire pulmonary lobes and major portions of lobes are usually diffusely and 
uniformly consolidated. Haemophilus species sometimes cause lobar 
pneumonia in ruminants and swine. The initial stage of red consolidation are 
characterized by hyperaemia of alveolar capillaries and flooding of alveoli 
with serofibrinous exudate, various amounts of haemorrhages, small number 
of alveolar macrophages and neutrophils (Jubb et al., 1985).  
1.4.3. Interstitial pneumonia: 
      Interstitial pneumonia or interstitial lung disease is a broad term that used 
to describe damaged to, or inflammation involving, the alveolar or inter-
lobular septa, which represents interstitum of the lung. This contrasts with 
bronchitis and bronchiolitis that involve the airways and bronchopneumonia 
which forms exudate in airspaces of the alveoli and distal airways. The most 
commonly identified form of interstitial pneumonia is diffuse alveolar 
damage, which represents diffuse injury to type 1 pneumocytes or indothelial 
cells in the alveolar septa, and results in formation of hyaline membranes, 
proliferation of type П pneumocytes, and interstitial fibrosis. Gross lesions are 
widely distributed throughout the lungs, often with greater involvement of 
dorsocaudal regions. This pattern is in sharp contrast to the cranioventral 
distribution of lesions in most cases of bronchopneumonia. Histologically, 
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most causes of diffuse alveolar damage follow a stereotyped pattern of 
response, with an acute exudative, subacute proliferative, and chronic 
fibrosing phases (Jubb et al. 1985).  
1.5. Aetiology of bovine pneumonia: 
     Pneumonia may be caused by bacteria, viruses, combination of both, fungi, 
and metazoan parasites, physical and chemical agents (Blood et al., 1983).  A 
multitude of infectious agents, including viruses, bacteria and Mycoplasma, 
are involved in different combinations on different farms. Mycoplasmal agents 
are usually considered to be the most common agents causing the chronic form 
of enzootic pneumonia, even though Mycoplasma bovis has been identified as 
the causative agent in many acute outbreaks as well. The most commonly 
isolated bacterial organisms are Pasteurella and Haemophilus subspecies 
(Dyson and Linklater 1976; Bryson et al., 1987; Caldow et al., 1988; Uttenthal 
et al., 1996).  
1.6. Microorganisms associated with bovine pneumonia: 
1.6.1. Viral pneumonia: 
         Potential respiratory viral pathogens belong to a range of families e.g., 
Adenoviridae, Caliciviridae, Herpesviridae, Paramyxoviridae and 
Orthomyxoviridae (Dwight et al., 2004). Dyson and Linklater (1976); Bryson 
et al. (1987); Caldow et al. (1988); Uttenthal et al., 1996, suggested that the 
viral agents are the primary infections and the bacterial agents cause a 
secondary infection in an animal whose defences have been weakened by the 
first infection. The most common viral agents isolated from enzootic 
pneumonia cases are respiratory syncytial virus (RSV), parainfluenza III virus 
(PI3), infectious bovine rhinotracheitis virus (IBR) and bovine viral diarrhoea 
virus (BVD). Infectious bovine rhinotracheitis of cattle is caused by a bovine 
herpes virus. Interstitial pneumonia is a disease of cattle caused by bovine 
respiratory Corona virus.  Bovine respiratory syncytial disease is caused by 
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bovine respiratory syncytial virus. Rhinitis and interstitial pneumonia is 
caused by Para-influenza virus 3 (Dwight et al., 2004). 
1.6.2. Fungal pneumonia: 
     Fungal agents of the respiratory tract are predominantly the agents of 
systemic mycosis as Blastomyces dermatitidis, Coccidioides immitis, 
Cryptococcus neoformans (C. Neoformans), Histoplasma capsulatum and 
Aspergillus species. Embolic pneumonia is caused by Mortierella walfii 
(Dwight et al., 2004).   
1.6.3. Bacteria associated with bovine pneumonia: 
1.6.3.1. Staphylococcus species: 
        Staphylococci are spherical Gram-positive bacteria, non motile, non 
spore-forming, non capsulated and usually arranged in grape-like irregular 
clusters (Jawetz et al., 1990; Geo et al., 1998). This genus includes thirty six 
species. They include, as primary pathogens, sta. aureus and sta. 
saprophyticus as well as opportunist pathogens such as sta. epidermidis and 
sta. haemolyticus. Sta. aureus is regarded as a commensal of mucous 
membranes, especially those of the respiratory tracts (Carter, 1986). Sta. 
aureus is the most common bacteria isolated from buffalo-calves with 
pneumonia (Ismail, et al., 1993). Khan (1997) isolated sta. aureus from 
pneumonic lung of calves.  
 
1.6.3.2. Streptococcus species: 
     Streptococcus spp are Gram-positive bacteria, cocci occurring in pairs or 
chains. They have been associated with many pathological lesions in farm 
animals. The majority of pathogens of the respiratory tract of cattle belong to 
the Streptococcus (Dwight et al., 2004). The β-haemolytic streptococcus spp 
are common pathogens of man and animals, the α-haemolytic Streptococcus 
spp include pneumonococci and viridans groups which inhabit the respiratory 
tract and oral cavity of man and animals, but also are associated with blood-
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borne infections (Barrow and Feltham 1993). The isolation of Haemophilus 
influenzae and Streptococcus pneumoniae (Str. pneumoniae) in the early 
course of pneumonia can change to the isolation of Pseudomonas aeruginosa 
as the disease progresses (Kobayashi, 1995; Koch, 1993). Isam Eldeen (2003) 
isolated Streptococcus species from cattle in Khartoum state suffered from 
pneumonia.    
 1.6.3.3. Klebsiella species: 
     Most of Klebsiella species occur as saprophytes in water, soil and botanical 
environment. Also, Klebsiella strains can be found as commensals in small 
numbers in the intestinal and respiratory tracts of man and animals. They are 
regarded as opportunistic organisms that can be found associated with some 
diseases as secondary invaders but may also act as primary aetiological agents 
of diseases (Carter, 1986; Tullus et al., 1993).  
1.6.3.4. Corynebacterium pseudotuberculosis: 
     C. pseudotuberculosis is Gram-positive rods, non-motile and non-spore-
forming. It was found as commensal on the skin and mucous membranes of 
genital and respiratory tracts of domestic animals (Carter, 1986). Species of 
this genus are widely distributed in nature and constitute a part of digestive 
and respiratory flora (Stehman, 1996).   In Sudan it was isolated from 
pneumonic lungs of cattle at post-mortem by Isam Eldeen (2003). 
1.6.3.5. Actinomyces pyogens:  
      This organism is usually found as a commensal on the mucous surfaces of 
cattle, sheep, swine and other domestic animals. It can disseminate from its 
normal habitat to cause a wide variety of non specific purulent infections that 
frequently involve visceral organs particularly lungs and sometimes results in 
abortion (Gyles and Thoen 1993). It may occur commensally in the oral 
cavities of domestic animals (Carter, 1986). Khan, (1997) considered 
Actinomyces pyogenes to be an aetiological agent of calf pneumonia. 
11 
 
1.6.3.6. Arachnia propionica: 
       Arachnia propionica are Gram-positive branched rods, originally 
described as an Actinomycete, they can cause clinically typical Actinomycosis 
in cattle (Buchanan and Pine, 1984).    
1.6.3.7. Micrococcus species: 
        Micrococcus species are Gram-positive, non-motile cocci. Micrococcus 
and Staphylococcus species are part of the normal flora of the nasopharynx of 
domestic animals, they are frequently found on soil, water, dust, air, skin and 
on articles of daily use (Carter, 1986). Occasional strains were associated with 
respiratory disease (Barrow and Feltham 1993). They were isolated from 
bovine pneumonic lungs by Isam Eldeen in Sudan (2003). 
1.6.3.8. Pasteurella species: 
     Pasteurella species are Gram-negative rods, motile, non-spore-forming and 
non-capsulated. They are primarily animal pathogens and have adapted to 
parasitic life in the upper respiratory tract epithelia of apparently healthy 
animals. Subclinical infections are more common than overt disease and occur 
usually as a consequence of stress. Pasteurella multocida (P. multocida) 
causes an acute fibrinous bronchopneumonia, usually in the first 2 weeks of 
the feeding period (Radostits et al., 2000). It becomes a major cause of severe 
“shipping fever” pneumonia when combined with stress and viral agents. 
Shipping fever pneumonia is a respiratory disease of cattle of multifactorial 
aetiology with Mannheimia haemolytica (M. haemolytica) and P. multocida or 
Histophilus somni being the important infectious agents. Also haemorrhagic 
septicaemia is a disease resulting from infection caused by two serotypes of P. 
multocida. These serotypes are known as B: 2 or E: 2. Haemorrhagic 
septicaemia is a highly fatal disease of cattle. In susceptible animals, the 
symptoms progress rapidly from dullness and fever to death within hours 
(Collins, 2001). Ibrahim (1995) isolated Pasteurella multocida from different 
species of animals in Sudan. Among various respiratory affections, pneumonic 
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pasteurellosis is the most common cattle respiratory disease caused by P. 
multocida (Dabo et al., 2007). P. multocida commonly inhibits the upper 
respiratory tract as commensal or opportunistic pathogen (Quinn et al., 1994). 
When it invades lung tissue under stress factors, its virulence exaggerates and 
pathogenicity differs (Christensen et al., 2004). They may be a primary or, 
more frequently a secondary invader in pneumonia of cattle, swine, sheep, 
goats and other species (Carter and Wise 2003). Infectious pneumopathies are 
commonly attributed to M. haemolytica, which causes the most severe damage 
to the lungs. In addition, bacterial agents such as Mycobacterium, 
Mycoplasma, Haemophilus, Fusobacterium and Actinomyces inflict damage 
on the pulmonary tissues of most domestic animals (Andrews and Kennedy 
1997; Martin, 1983; Radostits et al., 1994). However, it is becoming 
increasingly difficult to make an etiological diagnosis, although a single agent 
may be a primary invader (Carter, 1984).  
1.6.3.9. Haemophilus species: 
     Members of the genera Haemophilus and Histophilus are Gram-negative 
rods, facultative anaerobes, oxidase-positive and attack carbohydrates 
fermentativily. Carbone dioxide enhances growth of some strains. Growth 
factors may be supplied as hemin (X factor) and NAD (V factor). His. somni 
occurs in pneumonic process, usually with other agents; Pasteurella, 
Mannhimia spp., as part of the shipping fever complex. Histophilus somni (the 
cause of septicaemic respiratory and genital diseases in cattle and sheep). 
Histophilus somni is the name now given to those microorganisms previously 
denoted as Haemophilus somnus which causes “brain fever” in feedlot cattle 
also known as thromboembolic meningioencephalitis (TEME) (Dwight et al., 
2004). Histophilus somni was the most common isolates from cases of 
fibrinosuppurative bronchopneumonia, of calves from Canada with multiple 
bacterial and viral pathogens (Allen et al., 1992; Vogel et al., 1994; Tegtmeir 
et al., 1999).   
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1.6.3.10. Mycoplasma:  
     Mycoplasma mycoides (Myc. Mycoides) subsp. Mycoides, M. bovis, M. 
dispar, and Ureplasma diversum have been associated with respiratory tract 
disease in cattle (Howard, 1983; Rosendal, 1993). M. mycoides subsp. 
Mycoides causes contagious bovine pleuropneumonia, an enzootic disease in 
cattle in Africa, Asia and part of Europe with major economic impact 
(Scheneider et al., 1994). M. bovis, M. dispar, and Ureaplasma diversum 
contribute to respiratory disease in housed calves and feedlot cattle. M. 
bovirhinis has been isolated from the lower respiratory tract of calves (Allen et 
al., 1992). But evidence of a role in lung disease remains elusive. 
Epidemiological evidence points to a role of M. bovis and M. dispar in 
pneumonia of feedlot calves (Martin et al., 1990). Isolation of multiple species 
of mycoplasmas from pneumonic lungs has been noted in some studies 
(Knudtson et al., 1986, Kusiluka et al., 2000; Tegtmeir et al., 1999). M. dispar 
has effects on tracheal epithelial cells that range from ciliostasis to 
degenerative changes and death (Howard et al., 1987). Experimental infection 
of calves with M. dispar leads to decreased clearance of Serratia marcescens 
(Almeida et al., 1994), suggesting that M. dispar infection facilitates infection 
by other bacterial species. M. bovis infection, in contrast, has less effect on the 
function of ciliated epithelium but invades deeper into lung parenchyma, 
incites a stronger cellular response, and induces more lung damage (Howard et 
al., 1987). M. bovis is a major pathogen causing respiratory disease in cattle. 
Bronchopneumonia is caused by M. bovis (Dwight et al., 2004). Contagious 
bovine pleuropneumonia is the only bacterial disease classified by the OIE as 
a list A disease, is caused by Mycoplasma mycoides subsp. Mycoides small 
colony variant. This Mycoplasma was isolated just over a century ago, but 
while largely eradicated from Europe, it still presents immense problems in 
Africa (Nicholas et al., 1995; Nicholas et al., 2000; Regalla et al., 1996).  
 
 
14 
 
1.7. Treatment of pneumonia:   
Once clinical signs of respiratory disease become evident, appropriate 
antibiotic therapy is warranted. Antibiotics will not affect viral infections; 
instead, antibiotics are directed against primary or secondary bacterial 
infections such as Pasteurella, Mannheimia, and Mycoplasma.  
A wide variety of effective antibiotics are available. Antibiotics typically 
considered effective against respiratory infections include tetracycline, 
florfenicol, ceftiofur, tulathromycin, and enrofloxacin, among others. 
Treatment is most effective soon after clinical signs are detected; medication 
failures are not uncommon when treatment is not initiated until late in the 
course of disease. Other supplemental treatments such as anti-inflammatory 
drugs may also be of benefit (Garcia and Daly, 2010) 
   On the positive side antibiotic metaphylaxis means ‘subclinical’ infections 
receive treatment, it helps reduce the environmental contamination with 
potentially pathogenic bacteria and it potentially enables a more convenient 
situation for farm staff, The choice of antibiotic is often based on the 
veterinarian’s previous experience on the farm and elsewhere. Licensed 
products for the treatment of respiratory disease in bovines include: 
oxytetracycline, florfenicol, fluoroquinolones, tilmicosin and tulathromycin 
(Tim, 2007). Rationale and strategic use of antibiotics entails continuous 
monitoring and determination of drug sensitivity of pathogenic organisms 
especially those which show continuous emergence of resistance to antibiotics 
(Cruickshank et al., 1975).     
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Chapter tow  
Material and Methods 
2.1. Collection of samples: 
      Samples from 50 apparently pneumonic lungs were collected for 
investigation, during December 2009 to May 2010 from Singa slaughter house 
Sinnar state. The animals brought to slaughter house of Singa from villages 
around Singa. All animals were from local types mainly Kenana cattle. The 
ages of these animals were between 6 months to 5 years. All animals were 
clinically healthy and they passed anti-mortem inspection before slaughter.      
      Lungs of slaughtered cattle were examined at post-mortem for any 
abnormal signs suggestive of infection. A section of each pneumonic lung was 
cut with a sterile scalpel, placed in a Nylon bag, labelled, and placed in a 
thermos-flask containing ice, which was kept in the refrigerator, until taken to 
the laboratory for bacteriological examination. 
2.2. Examination of samples: 
      Direct smears were made from samples. These were fixed by heating, 
stained by Gram's Method and examined microscopically for a presence of 
bacteria. 
2.3. Isolation and preservation techniques: 
2.3.1. Isolation of bacteria: 
      The surface of the lung specimen was seared with a red hot spatula, and 
cut open, swab was taken from the cut and used to inoculate on 10% ovine 
blood agar and MacConkey's agar plates which were incubated aerobically at 
37oC for 24 hours. If no growth was evident by then, the plates were discarded 
as negative. All species of bacteria isolated were purified by repeated sub-
culturing on nutrient agar. Pure colonies were identified by their macro-
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morphology, pigment production and biochemical activities according to 
Barrow and Feltham, 1993. 
2.3.2. Incubation of cultures:       
      After inoculation of cultures, all tests were incubated aerobically at 37oC 
for different times; 7 days for sugars and nitrate, 15 days for O/F test, 10 days 
for citrate and 7 days for urease test. For Voges-Proskauer test, triple sugar 
iron agar, peptone water for indole test and hydrogen sulphide production 
inoculated media were incubated for 24 hours. 
2.3.3. Preservation of cultures: 
      Preservation was made by sub-culturing the purified isolates on nutrient 
agar slant, which were then stored in a refrigerator at 4oC. Conventional 
bacteriological studies were used to determine the cultural and biochemical 
characteristics of isolates.   
2.4. Preparation of media: 
      Dehydrated media were prepared according to the manufacture's 
recommendations as follows: 
2.4.1. Solid media:  
 2.4.1.1. Blood agar base (Oxoid, CM55): 
      Ingredient                                                   g/l       
      Lab-lemco powder                                    10 
      Peptone                                                     10 
      Sodium chloride                                         5 
      Agar No. 3                                                 15 
      Distilled Water                                           1000 ml 
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                                       pH 7.4 (approx.) 
      Forty grams of dehydrated powder was suspended in one litre of distilled 
water, brought to boil to dissolve the medium completely, mixed and sterilised 
by autoclaving at 121oC for 15 minutes. Then cooled to 50-55oC and 100 ml 
of fresh defibrinated sheep blood added, mixed gently and distributed into 
sterile Petri-dishes, 20 ml in each.  
2.4.1.2. MacConkey's agar (Oxoid CM7):     
       Ingredient                                           g/l       
      Peptone                                              20  
      Lactose                                               10  
      Bile salts                                             5  
      Sodium chloride                                  5  
      Neutral red                                          0.075  
      Agar No.3                                           12  
      Distilled water                                     1000 ml 
                                     pH 7.4 (approx.) 
      Fifty two grams of dehydrated medium were suspended in one litre of 
distilled water, brought to boil to dissolve the ingredients, then sterilised by 
autoclaving at 121oC for 15 minutes and poured into sterile Petri-dishes, 20 ml 
in each. 
2.4.1.3. Nutrient agar (Oxoid CM3): 
      Ingredient                                               g/l 
      Lab. Lemco powder                               1  
      Yeast extracts                                         2  
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      Peptone                                                   5  
      Sodium chloride                                     5  
      Agar No. 3                                             15  
      Distilled water                                       1000 ml 
                                     pH 7.4 (approx.) 
      Thirteen grams of dehydrated powder were dissolved in a litre of distilled 
water, sterilised by autoclaving at 121oC for 15 minutes, cooled to 50-55oC 
and then distributed into sterile Petri-dishes, 20 ml in each. 
2.4.1.4. Urea agar base (Oxoid CM53): 
       Ingredient                                               g/l 
        Peptone                                                  1  
       Dextrose                                                  1  
      Sodium chloride                                       5  
      Disodium phosphate                                1.2  
      Potassium dihydrogen phosphate            0.8  
      Phenol red                                               0.012  
      Agar No.3                                                 15  
      Distilled water                                          95 ml 
                                        pH 6.8 (approx.) 
      Four grams were added to 95 ml of distilled water, dissolved by heating 
sterilised by autoclaving at 115oC for 20 minutes, then cooled to 50oC, 
Aseptically 5 ml of sterile 40% urea solution, was added, the medium was 
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well mixed and distributed in 10 ml amounts into sterile Bijou bottles and 
allowed to set in sloping position. 
2.4.1.5. Mueller Hinton agar media (Oxoid, CM337): 
Ingredient                                           g/l 
Beef, infusion from                             300   
Casein hydrolysate (Oxoid L41)        17.5 
Starch                                                  1.5 
Agar No. 1 (Oxoid L11)                      10.0 
                                     pH 7.4 (approx.) 
Thirty five grams were suspended in 1 litre of distilled water, brought to the 
boil to dissolve the medium completely, and sterilised by autoclaving at 121oC 
for 15 minutes.   
2.4.1.6. Simmon's citrate agar (Oxoid CM155):  
      Ingredient                                                            g/l 
      Magnesium sulphate                                           0.2  
      Ammonium dihydrogen                                      0.2  
      Sodium ammonium phosphate                            0.8  
      Sodium citrate tri-basic                                       2  
      Sodium chloride                                                  5  
      Promothymol blue                                              0.08  
      Agar No. 3                                                           15  
      Distilled water                                                    1000 ml 
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                                       pH 7.0 (approx.) 
      Thirty two grams of dehydrated powder were suspended in 1 litre of 
distilled water, boiled to dissolve completely, sterilized by autoclaving at 
121oC for 15 minutes, distributed into sterile McCartney bottles and allowed 
to set in sloping position. 
2.4.1.7. Triple Sugar Iron Agar (Oxoid CM277):     
 Ingredient                                                   g/l 
́Lab-lemco ́ Powder (Oxoid L29)               3.0  
Yeast extract (Oxoid L20)                         3.0 
Peptone (Oxoid L37)                                 20.0 
Sodium chloride                                         5.0 
Lactose                                                      10.0 
Sucrose                                                      10.0 
Dextrose                                                     1.0 
Ferric citrate                                               0.3 
Sodium thiosulphate                                  0.3 
Phenol red                                                  0.025 
Agar No. 3 (Oxoid L13)                            12.0 
                                     pH 7.4 (approx.) 
     Sixty five grams were suspended in 1 litre of distilled water, brought to the 
boil to dissolve completely, well mixed and sterilized by autoclaving at 121oC 
for 15 minutes, the media was distributed in MacCarteny bottle in 15 ml 
volumes and allowed to solidify in the sloped position.        
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2.4.2. Semi-solid media: 
2.4.2.1. Nutrient gelatine (Oxoid CM135a): 
      Ingredient                                                   g/l 
      Lab-lemco powder                                     3  
      Peptone                                                      5  
      Gelatine                                                     120  
      Sodium chloride                                        5  
      Agar No.1                                                  4  
      Distilled water                                            1000 ml 
                                      pH 7.4 (approx.) 
     Thirteen grams of dehydrated nutrient broth and 4 g of Oxoid agar No. 1 
were dissolved in one litre of distilled water, dissolved by heating, distributed 
in 5 ml amounts in test tubes containing Craigie-tubes and sterilized by 
autoclaving at 121oC for 15 minutes. 
2.4.2.2. Hugh Leifson's medium (Barrow and Feltham 1993): 
      Ingredient                                         g/l  
      Peptone                                            2  
      NaCl                                                 5  
      K2Hpo4                                             0.3  
      Agar                                                 3  
      Distilled water                                 1000 ml 
      The ingredients were added to 1 litre bottle, dissolved by heating in a 
water bath at 55oC, the pH was adjusted to 7.1 with a pH meter, and the 
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medium was filtered, then the Promothymol blue indicator was added 
followed by sterilization at 115oC for 20 minutes. Sterile glucose solution was 
added aseptically to give a final concentration of 1%, and then the medium 
was mixed and distributed aseptically in 10 ml amounts. 
2.4.2.3. Carbohydrate fermentation media (Barrow and Feltham 1993): 
      Ingredient                                           g/l 
      Peptone                                              900 ml 
      Andrad's indicator                             10 ml 
      Sugar                                                 10  
      Distilled water                                   90 ml 
                                 pH 7.1 (approx.) 
      Each sugar tube tested was added to the mixture of peptone plus indicator 
(Andrade`s indicator), mixed thoroughly, distributed in 2 ml in sterile test 
tubes containing Durham tube, then sterilized by autoclaving at 115oC for 10 
minutes. 
2.4.2.4. Motility medium- Cragie tube medium: 
Thirteen grams of dehydrated nutrient broth (Oxoid CM1) were added to 5g of 
Oxoid agar No. 1 and dissolved in 1 litre of distilled water. The pH was 
adjusted to 7.4. The prepared medium was distributed in 5 ml volumes into 
clean test tubes containing Cragie tubes, and then sterilized by autoclaving at 
121oC for 15 minutes.    
2.4.3. Liquid media:  
2.4.3.1. Methyl red-Voges Proskaure test medium (Oxoid CM43):  
      Ingredient                                              g/l 
      Peptone                                                  5  
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      K2Mpo4                                                  5  
      Distilled water                                        1000 ml 
      Glucose                                                   5  
                                  pH 7.1 (approx.) 
      Fifteen grams dehydrated powder were added to 1 litre of distilled water, 
mixed well, distributed into bottles and sterilized by autoclaving at 115oC for 
10 minutes. 
2.4.3.2. Nutrient broth (Oxoid CM1): 
     Ingredient                                                      g/l 
     Lab. Lemco powder                                      1  
      Yeast extracts                                               2  
      Peptone                                                         5  
      Sodium chloride                                            5  
      Distilled water                                              1000 ml 
                                        pH 7.4 (approx.) 
     Thirteen grams of dehydrated powder were added to 1 litre of distilled 
water, well mixed and distributed in 5 ml amounts into sterile test tubes and 
sterilized by autoclaving at 121oC for 15 minutes. 
2.4.3.3. Peptone water (Oxoid CM9): 
       Ingredient                                              g/l 
      Peptone                                                   10  
      Sodium chloride                                      5  
      Distilled water                                         1000 ml 
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                                      pH 7.2 (approx.) 
      Fifteen grams of dehydrated powder were added to 1 litre of distilled 
water, well mixed and distributed in 5 ml amounts into sterile test tubes and 
sterilized by autoclaving at 121oC for 15 minutes. 
2.5. Reagents: 
2.5.1. Hydrogen peroxide (HiMedia): 
      This was prepared in a concentration of 3% aqueous solution for catalase 
test. 
2.5.2. Tetra methyl-p-phenylenediamine dihydrochloride (HiMedia): 
      This was prepared as 3% aqueous solution and was used for Oxidase test. 
2.5.3. Kovac's reagent (HiMedia): 
      This reagent was composed of 5g paradimethyl amino-benzaldehyde, 75 
ml amyl alcohol and 25 ml concentrated hydrochloric acid. It was prepared as 
described by Barrow and Feltham (1993) by dissolving the aldehyde in 
alcohol through heating in a water bath. It was then cooled and the acid added. 
The reagent was stored at 4oC for later use in Indole test. 
2.5.4. Voges-Proskauer test reagent (HiMedia): 
      This reagent was composed of 40% potassium hydroxide and 5% α 
naphthol in absolute ethanol.  
2.5.5. Nitrate reagent (HiMedia): 
      This reagents was composed of solution A (0.33% sulphanilic acid in 5 N-
acetic acid) dissolved by gentle heating and solution B (0.6% dimethyl-α-
naphthylamine in 5 N-acetic acid). It was used in nitrate reduction test. 
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2.5.6. Lead acetate papers (HiMedia): 
      Small strips of filter papers 5-10 mm wide 50-60 mm long were cut and 
impregnated with lead acetate saturated solution (10 mg lead acetate in 100 ml 
hot water). The impregnated strips were dried at 50-60oC and stored in a 
screw-capped container. It was used for detection of hydrogen sulphide. 
2.6. Biochemical tests: 
All the biochemical tests described below were performed according to 
Barrow and Feltham (1993).  
2.6.1. Oxidation and fermentation test:  
      Duplicate tubes of Hugh and Leifson's medium were inoculated with a 
straight wire loop, then a layer of melted soft paraffin was added, about 3 cm 
above the medium surface in one tube to seal it from air and the other was left 
without paraffin. The tubes were incubated at 37oC and examined daily for up 
to 14 days. If the colour was yellow in both tubes, it indicated fermentation 
reaction. If the colour in the tube without paraffin was blue or green and in the 
sealed tube was green, this indicated production of alkali. If the colour was 
yellow in the open tube only this indicated oxidation of glucose. No change in 
both tubes meant a negative reaction. 
2.6.2. Catalase test: 
      Method 1: On a clean slide a drop of 3% aqueous solution of hydrogen 
peroxide was placed. A colony of the test organism on the nutrient agar was 
picked with a sterile glass rod and put on the drop of the hydrogen peroxide. 
Evolution of gas and appearance of bubbles indicated that the organism 
produced catalase enzyme. 
      Method 2: Hydrogen peroxide (3%) was poured over the growth on agar 
plate. Production of gas bubbles indicated production of catalase by the 
organism. 
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 2.6.3. Oxidase test: 
      Drops of 1% tetra methyl-p-phenylenediamine dihydrochloride were 
poured over wet strips of filter papers in a Petri-dish and then sterilized in a 
hot air oven. Using sterile forceps, strips were laid on a clean slide. Growth on 
nutrient agar was picked off with a sterile glass rod and rubbed on to a small 
area on the filter paper. A purple colour that developed within 10 seconds was 
considered a positive reaction. 
2.6.4. Urease activity: 
      Slopes of Christensen's urea medium were inoculated with the test 
organism and incubated for 5 days. A red colour indicated a positive reaction 
(Urease enzyme production). 
2.6.5. Gelatine hydrolysis:  
       The test organism was stabbed in nutrient gelatine using sterile long 
straight wire, incubated at 37oC, for up to two weeks with daily examination, 
in the refrigerator for two hours. A positive result was indicated by 
liquefaction of gelatine. 
2.6.6. Acid from carbohydrates: 
    A peptone water medium containing an appropriate sugar was inoculated 
with the test organism and examined daily for seven days for acid and gas 
production. 
2.6.7. Voges-Proskauer (VP) test: 
      This VP test was used to detect production of acetyl methyl carbimoyl by 
bacteria. Glucose phosphate medium was inoculated with the test organism 
and incubated at 37oC for 48 hours. Then 0.6 ml of 5% alcoholic solution of α-
naphthol solution and 0.2 ml of 40% KOH were added to 1 ml of culture. A 
positive reaction was indicated by development of bright pink colour within 
30 minutes.  
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2.6.8. Nitrate reduction: 
      A nitrate broth was inoculated lightly with the test organism and incubated 
for up to 5 days, 1 ml of reagent A was added followed by 1 ml of reagent B. 
A deep red colour indicated that nitrate was reduced. To the tubes not showing 
a red colour within 5 minutes, powdered zinc was added and allowed to stand. 
Red colour indicated a negative reaction. 
2.6.9. Indole production: 
       A peptone water medium was inoculated with the test organism, incubated 
at 37oC for 48 hours and 1 ml of Kovac's reagent was run down the side of the 
test tube. A pink ring layer within a minute indicated a positive reaction. 
 2.6.10. Citrate utilization: 
      This test was applied to show the ability of organism to utilize citrate as a 
sole source of carbon. A light suspension of a test organism in sterile saline 
was inoculated in citrate medium with a wire loop and incubated at 37oC for 
10 days. A positive test was indicated by change of colour from green to blue 
or growth of the organism on the medium. 
2.6.11. Hydrogen sulphide (H2S) production: 
      Peptone water was inoculated with each test culture, a filter paper 
impregnated with 10% lead acetate solution was placed in the neck of the tube 
and incubated at 37oC for 48 hours. A positive reaction was indicated by 
development of a brown or black colour on the paper. 
2.7. Indicators: 
2.7.1. Andrade's indicator (HiMedia): 
      This was prepared according to Barrow and Feltham (1993) by dissolving 
5 g of acid fuchsin in 1 litre of distilled water and 150 ml N-NaOH (alkali) 
solution was added. It was used in peptone water sugar media.  
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2.7.2. Bromothymol Blue (HiMedia): 
      This was prepared by dissolving 0.2 g of Bromothymol Blue powder in 
100 ml distilled water. 
2.7.3. Neutral red: 
      It is a product of Hopkins and William ltd., London. 
2.7.4. Phenol red (HiMedia): 
      It is product of Hopkins and William ltd., London. 
2.8. Asepses and sterilization: 
2.8.1. Red heat: 
      Inoculating wires, forceps and searing spatula were sterilized by holding 
them over a Bunsen flame until they were red hot. 
2.8.2. Flaming: 
      Scalpels, needles, the mouths of culture tubes and glass slides were 
sterilized by passing the article through the Bunsen flame without allowing it 
to become red hot. 
2.8.3. Hot-air oven: 
      This was used for sterilizing glassware's such as test tubes, Petri-dishes, 
flasks, pipettes, forceps and tracheal swabs. Items were left in the oven for 1 
hour at 160oC. 
2.9. Antibiotic sensitivity tests: 
      Sensitivity of the isolates to eight antibiotics was determined by the 
standard diffusion method (Buxton and Fraser, 1977). Plates of Mueller 
Hinton sensitivity test agar were dried in the incubator at 35-37oC for 30 
minutes. Each isolate was cultured and incubated overnight at 37oC on a 
nutrient agar plate. With a sterile wire loop 3-5 well isolated colonies of a 
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similar appearance of test organism were emulsified in a test tube containing 
3-4 ml of sterile physiological saline. The turbidity of the suspension was 
matched with a turbidity standard which was prepared by mixing 0.6 ml of 1% 
barium chloride with 99.4 ml of 1% sulphuric acid, (the standard was mixed 
immediately before use). Each Plate was streaked with a swab saturated with 
the suspension, the plate was allowed for 5 minutes to dry, before the 
antimicrobial discs were placed about 15 mm from the edge of the plate and 
25 mm from each other. The discs were pressed down lightly to ensure their 
contact with the agar. After 30 minutes the plate was incubated aerobically at 
37oC for 18 hours, then examined to ensure that the growth was confluent or is 
near confluent. A ruler was used to measure the diameter of each zone of 
inhibition in mm. The isolates were then reported as susceptible, intermediate 
or resistant according to the size of inhibition zone as recommended by the 
National Committee for Clinical Laboratory Standard (1997), (Table 1). 
Antibiotic sensitivity tests were a achieved by using disc-diffusion method.    
1.9.1. Disc diffusion sensitivity test: 
A disc of a blotting paper is impregnated with the known volume and 
appropriate concentration of antimicrobial, and this is placed on a plate of 
sensitivity testing agar uniformly inoculated with the test organism. The 
antimicrobial diffuses from the disc into the medium and the growth of the test 
organism is inhibited at a distance from the disc that is related (among other 
factors) to the sensitivity of the organism. Strains sensitive to the antimicrobial 
are inhibited to a distance from the disc whereas resistant strains have smaller 
zones of inhibition or grow up to edge of the disc (National Committee for 
Clinical Laboratory Standards- NCCLS). 
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Table 1: Antibiotics used for sensitivity tests 
 
Antibiotic               Symbol         concentration 
Results of sensitivity 
R I S 
Penicillin G               P                 10 units             ≤ 20      21-28    ≥ 29 
Tetracycline              T                 30mcg               ≤ 14    15-18    ≥ 19 
Ciprofloxacin          CP                5mcg                 ≤ 15    16-20    ≥ 21 
Erythromycin           E                 15mcg               ≤ 13     14-22   ≥ 23 
Gentamycin             GM              10mcg               ≤ 12     13-14   ≥ 15 
Streptomycin           S                 10mcg               ≤ 11     12-14    ≥ 15 
Trimethoprim          TR               5mcg                 ≤ 10      11-15   ≥ 16 
Tylosin                     Ti                15mcg                ≤ 13      14-22    ≥ 23 
 
 R = Resistant.                      I = Intermediate.               S = Sensitive.      
According to HiMedia manual.  
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Chapter three 
Results 
3.1. Isolation of bacteria: 
      From the fifty samples pneumonic lungs of cattle, bacteria were isolated 
from 34 (68%) and 92 isolates were recovered; 46 of the isolates (49.7%) were 
Gram-positive (Table 4) and 46 (49.7%) were Gram-negative bacteria (Table 
5). 
      The isolates represented 21 different bacterial genera, 9 genera (Table 2) 
were Gram-positive and 12 were Gram-negative (Table 3). The most 
frequently isolated bacteria were Staphylococcs spp. (27%), followed by 
Aeromonas (10.8%), Vibrio (9.7%), Enterobacter (6.5%), Micrococcus  
(5.5%), Escherichia coli (5.4%), Pseudomonas (4.3%), Bacillus (4.3%), 
Kurthia (3.2%), Aerococcus (3.2%), Enterococcus (3.2%), Arcobacter (3.2%), 
Provedencia (2.2%), Bordetella (3.2%), Corynebacterium (1.1%), 
Acinetobacter (1.1%), Lactobacillus (1.1%), Lactococcus (1.1%), Yersinia 
(1.1%), Eikenella (1.1%) and Serratia (1.1%).  Identification of the isolates 
was carried out according to Barrow and Feltham (1993).The biochemical 
tests used to identify the different bacterial isolates are shown in Tables 5-24. 
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Table 2: Types and frequency of Gram-positive bacteria isolated from 
pneumonic lungs of slaughtered cattle  
Type of bacteria                        Number of isolates                 Frequency 
Staphylococcus spp.                                    25                                      27% 
Micrococcus spp.                                          5                                    5.5% 
Bacillus spp.                                                 4                                  4.3% 
Aerococcus spp.                                            3                                 3.2% 
Kurthia spp.                                                   3                                 3.2% 
Enterococcus spp.                                         3                                  3.2% 
Corynebacterium spp.                                  1                                  1.1% 
Lactobacillus spp.                                         1                                  1.1% 
Lactococcus spp.                                           1                                  1.1% 
Total                                                            46                              49.7% 
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Table 3: Types and frequency of Gram-negative bacteria isolated from 
pneumonic lungs of slaughtered cattle 
Type of bacteria                     Number of isolates                Frequency 
Aeromonas spp.                                           10                                    10.8% 
Vibrio spp.                                                  9                                    9.7% 
Enterobacter spp.                                         6                                    6.5% 
Pseudomonas spp.                                       4                                    4.3% 
Escherichia spp.                                          5                                    5.4% 
Arcobactor spp.                                           3                                    3.2% 
Provodincia spp.                                          2                                    2.2% 
Bordetella spp.                                            3                                    3.2% 
Yersinia spp.                                               1                                    1.1% 
Serratia spp.                                                1                                    1.1% 
Acinetobacter spp.                                      1                                    1.1% 
Eikenella spp.                                             1                                   1.1% 
Total                                                          46                                      49.7% 
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Table 4: Species and frequency of Gram-positive bacteria isolated from 
pneumonic lungs of slaughtered cattle   
Bacterial species                              Number of isolates                    Frequency 
Staphylococcus auricularis                                   10                            10.8% 
Staphylococcus gallinarum                                   5                                5.5% 
Staphylococcus zylosus                                         3                               3.2% 
Staphylococcus haemolyticus                               2                                2.2% 
Staphylococcus caprae                                          1                               1.1% 
Staphylococcus arlettae                                         1                               1.1% 
Staphylococcus hyicus                                          1                               1.1% 
Staphylococcus saprophyticus                               1                               1.1% 
Staphylococcus aureus                                            1                              1.1% 
Corynebacterium pseudodiphthriticum                 1                               1.1% 
Micrococcus roseus                                               4                               4.3% 
Micrococcus varians                                              1                               1.1% 
Bacillus lentus                                                       1                                1.1% 
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Table 4: continued. 
Bacteria spp                                 Number of isolates                Frequency 
Bacillus badius                                           1                                1.1% 
Bacillus coagulans                                     1                                 1.1% 
Bacillus alvei                                             1                                  1.1% 
Kurthia zopfii                                            3                                  3.2% 
Lactobacillus group 2                               1                                  1.1% 
Enterococcus faecium                               2                                   2.2% 
Enterococcus ficalis                                  1                                    1.1% 
Lactococcus lactus                                    1                                  1.1% 
Aerococcus spp.                                       3                                    3.2% 
Total                                                         46                                 49.7% 
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Table 5: species and frequency of Gram-negative bacteria isolated from 
pneumonic lungs of slaughtered cattle. 
Bacterial spp.                                      Number of isolate         Frequency 
Aeromonas salmonicida sub spp masoucida        5                                    5.4% 
Aeromonas salmonicida sub spp. salmonicida     5                                 5.4% 
Arcobacter spp.                                                      3                                 3.2% 
Vibrio fluvialis                                                        6                                 6.5% 
Vibrio natriegens                                                    2                                  2.2% 
Vibrio cincinnatiensis                                             1                                 1.1% 
Pseudomonas testosteroni                                      4                                  4.3% 
Providencia rettgri                                                 2                                  2.2% 
Acinetobacter calcoaciticus                                  1                                    1.1% 
Eikenella corrodens                                               1                                 1.1% 
Bordetella parapertussis                                         2                                 2.2% 
Enterobacter gergoviae                                         5                                 5.4% 
Enterobacter cloacae                                            1                                  1.1% 
Yersinia intermedia                                              1                                  1.1% 
Serratia plymuthica                                              1                                   1.1% 
Escherichia coli                                                   5                                   5.4% 
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Table 6: Results of susceptibility of bacterial isolates to various antibacterial 
drugs 
Antimicrobial 
drug 
No. of Bacterial 
isolates examined
      %  of sensitive 
isolates 
% of   negative 
isolates 
Gentamycin 96 100 00 
Penicillin G 96 50.1 49.9 
Streptomycin 96 80.1 19.0 
Erythromycin 96 47.8 52.2 
Tetracycline 96 94.6 5.4 
Tylosin 96 38.5 61.5 
Trimethoprim 96 87.4 12.6 
Ciprofloxacin 96 100 00 
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Discussion  
   This study was carried out to isolate and identify aerobic bacteria associated 
with pneumonic lungs of slaughter cattle in Singa slaughter house, Sinnar 
State, and to determine their sensitivity to various antibiotics.  
Thirty four from 50 pneumonic lung samples (68%) gave bacterial growth on 
blood and macConkey agar, and 16 samples (32%) did not show any bacterial 
growth despite of clear pneumonic discoloration (congestion, red hepatisation 
and gray hepatisation). In the present study, failure of bacterial isolation from 
16 lung samples might be due to the short incubation period of inoculated 
plates, the use of limited type of media (Blood and MacConkey agar) and 
aerobic incubation. Furthermore no attempts were made to isolate other causes 
of pneumonia and fastidious bacteria like Mycoplasma, Viruses or Fungi. 
From the positive samples which resulted in bacterial growth, 92 isolates of 
both Gram-positive and Gram-negative bacteria were recovered. Isolation of 
both Gram-positive and Gram-negative bacteria from pneumonic lung of cattle 
were reported by Radostits et al., 2000; Isam Eldeen, 2003; Sayed and 
Zaitoun, 2009; Nahid, 2010. It not un common to detect mixed pulmonary 
infections since the bovine respiratory air pathways act as reservoirs for 
potential pathogenic microorganisms, which develop pneumonia on the onset 
of stress factors; decline of hygienic measures or adverse climatic conditions 
(Yehia, 2000; Moustafa, 2004). Isolation of any types of bacteria from 
pneumonic lungs demonstrates the complexity of the disease. Roberson et al., 
(1994) and Sedeek and Thabet (2001) isolated Staph. aureus and E. coli from 
infected lungs, they assumed that Staph. aureus predisposed animals to 
infection by coliform organisms or other pathogens (Roberson et al., 1994 and 
Sedeek and Thabet (2001). In this study Staphylococcus spp. were isolated in 
association with E. coli this agrees with other investigations (Turan et al., 
2007; Sayed and Zaitoun, 2009, ;Nahid, 2010. who considered these the most 
common pneumonic bacteria isolated from lung tissues.  
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      Bacillus spp. and Micrococcus spp. which were isolated in this study have 
not been reported as significant causes of pneumonia and might be due to 
contamination from slaughterhouse. But they were isolated by Isam Eldeen, 
2003, Sayed and Zaitoun, 2009, and Nahid, 2010. Enterococcus species were 
isolated in this study agree with result obtained by Nahid, 2010.  In the present 
investigation, C. pseudodiphthriticum was isolated; in the other hand 
Corynebacterium pseudotuberculosis was isolated from pneumonic lung of 
cattle (Turan et al., 2007; Isam Eldeen, 2003 and Nahid, 2010). Sayed and 
Zaitoun, 2009 isolated Corynebacterium bovis. Pseudomonas testosteroni, 
Pseudomonas calcoaciticus were isolated in this study they have no 
significance in pneumonia but Pseudomonas aeruginosa were isolated by 
Nahid, 2010. Bordetella parapertussis were isolated in this study, two lineages 
of B. parapertussis have been described. The first infects humans and is 
responsible for a minority of cases of the disease pertussis (also known as 
whooping cough)  (Cherry, 1996). The second, ovine, lineage causes chronic 
non-progressive pneumonia in sheep (Porter et al., 1994). In one small study 
in New Zealand this bacterium was found to be present in the nasal cavity and 
bronchial washings of a high proportion of 6 to 10 month old lambs with 
lesions of CNP (Cullinan et al., 1987).  On experimental intratracheal 
inoculation of colostrum-deprived one week old lambs, lesions resembling 
those of early naturally occurring CNP were observed. This organism was 
considered to be capable of initiating a mild and short-lived respiratory 
infection which, with subsequent secondary bacterial infection, could develop 
to CNP (Chen et al.,1988).  
          Other bacterial agents isolated in this study in different percentages may 
have played a role in cattle pneumonia, they were not reported before as 
causes of pneumonia, those bacterial agents are: Aeromonas spp. and Vibrio 
spp., Enterobacter spp., Kurthia spp., Aerococcus spp., Arcobacter spp., 
Provedencia spp., Acinetobacter spp., Lactobacillus spp., Lactococcus spp., 
Yersinia spp. Serratia spp.  and Eikenella spp..    
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Three methods are commonly employed routinely in diagnostic bacteriology 
laboratories.  Cylinder plate method, Disc-diffusion and serial dilution tests of 
sensitivity to antibiotics were described (Cruickshank et al., 1975).    
The antibacterial sensitivity of the isolated bacteria obtained in this study to 
antibacterial drugs was variable. In the present study, bacteria isolated showed 
resistance to many antibiotic commonly used for treatment of bacterial disease 
in animals.  
Gram positive bacteria isolated in this study showed high sensitivity to most of 
drugs used in this study, but Gram-negative bacteria showed very high 
resistance to Tylosin and Penicillin, eg., Aeromonas spp., Pseudomonas spp., 
Enterobacter spp. and Escherichia coli. Escherichia coli isolated in this study 
revealed high sensitivity to Gentamycin (100%), this finding agree with that of 
Orden, 2000, who found that Escherichia coli strains were susceptible (89-
95%) to Gentamycin.                 
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Conclusions and Recommendations  
Conclusions: 
- In this study Gram-positive and Gram-negative bacteria were isolated 
from pneumonic lung of slaughter cattle.  
- The negative results which didn’t show bacterial growth indicated that 
there were other causes of pneumonia in cattle beside bacteria. 
- Hundred % of the bacterial isolates were sensitive to Gentamycin and 
Ciprofloxacin (100%), (94.6%) Tetracycline and (87.4%). To 
Trimethoprim  
- The resistance to the other antibiotics may be due to use of sub-doses 
and incomplete duration of the treatment or extensive use of these 
antibiotics in the area.  
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Recommendations: 
- Predisposing factors of cattle to pneumonia must be studied to be 
controlled. 
- Infected animals must be treated with suitable antibiotics and the 
recommended dose. 
- Use of special media, various atmospheric conditions for incubation 
and for long durations may increase chances of recovery of more 
fastidious bacteria which play a role in pneumonia in cattle.  
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Appendices  
Table 6: Results of biochemical tests used to identify Staphylococcus spp.  
Test Staph. 
auricularis   
Staph. 
hyicus  
Staph. 
Caprae 
Staph. 
gallinarum 
 Staph. 
arlettae  
Staph. 
Haemolyticu
s 
Gram stain      +               +               +                 +                 +                 +    
Catalase          +               +               +                 +                 +                  + 
Oxidase           -                -                 -                  -                 -                   - 
Motility           -                -                 -                  -                  -                  - 
Glucose           +               +                +                 +                 +                 + 
O.F                  F               F                F                 F                 F                 F 
Urease             -                +                +                +                  -                  - 
VP                   -                 -                +                 -                   -                + 
Nitrate             +                 +              +                +                   -                + 
Sucrose           +                 +               -                +                  +                + 
Lactose           -                 +                +               +                  +                + 
Maltose          +                 -                +               +                   +               + 
Xylose            -                  -                -               +                    +               - 
Mannitol         -                 -                -                +                    +              + 
Fructose         +                +                -                +                    +               + 
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Table 6: continued  
 
 Test 
Staph. 
aureus 
Staph. 
saprophyticus 
Staph. 
zylosus 
        Gram stain                            +                              +                       + 
        Catalase                              +                                 +                       + 
        Oxidase                               -                                 -                        - 
        Motility                               -                                  -                        - 
        Glucose                               +                                 +                       + 
         O.F                                     F                                 F                      F 
         Urease                                -                                  +                      + 
         VP                                      +                                 +                      - 
         Nitrate                                +                                 -                      + 
        Sucrose                                +                                +                       + 
         Lactose                               +                                +                        + 
         Maltose                              +                                 +                        + 
         Xylose                                -                                  -                         + 
         Mannitol                            +                                 +                         + 
         Fructose                             +                                 +                          + 
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Table 7: Results of biochemical tests used to identify Corynebacterium 
pseudodiphthriticum 
Test                       Corynebacterium pseudodiphthriticum 
Gram stain                                                         + 
Catalase                                                              + 
Oxidase                                                               - 
Motility                                                               - 
Glucose                                                               - 
O.F                                                                      - 
Urease                                                                 + 
VP                                                                       - 
Nitrate                                                                + 
Sucrose                                                               - 
Lactose                                                                - 
Maltose                                                               - 
Xylose                                                                 - 
Mannitol                                                              - 
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Table 8: Results of biochemical tests used to identify Micrococcus spp. 
Tests              Micrococcus roseus       Micrococcus varians 
Gram stain                            G +ve cocci                   G +ve cocci 
Catalase                                   +                                 + 
Oxidase                                    +                                 + 
Motility                                    -                                   - 
Glucose                                    -                                   + 
O.F                                           -                                   - 
VP                                            -                                   - 
Fructose                                   +                                  + 
Sucrose                                    -                                    - 
Arginine                                   -                                    - 
Nitrate                                      +                                   + 
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Table 9: Results of biochemical tests used to identify Bacillus spp 
      Tests                     B. lentus      B. badius        B. coagulans      B. alvae          
Gram stain                 +                      +                       +                    + 
Motility                     +                      +                         +                   + 
Catalase                    +                      +                          +                   + 
Oxidase                     +                      +                          +                   + 
Glucose                      +                     -                            +                   + 
O.F                            F                     F                           F                   F 
VP                             -                      -                             -                    + 
Galactose                  +                     -                             -                     - 
Xylose                       -                     -                              +                    - 
Nitrate reduction       -                     -                              -                     - 
Citrate                       -                     -                               -                    - 
Urease                       +                    -                               -                    - 
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Table 10: Results of biochemical tests used to identify Kurthia spp.   
Test                                           Kurthia zopfii 
Gram stain                                              + 
Motility                                                   + 
Catalase                                                  + 
Oxidase                                                   - 
Glucose                                                   - 
O.F                                                          - 
VP                                                           - 
H2S                                                          - 
Sucrose                                                    - 
Xylose                                                     - 
Nitrate reduction                                     - 
Mannitol                                                 - 
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Table 11: Results of biochemical tests used to identify Lactococcus spp.  
Test                                                 Lactococcus lactis 
Gram stain                                                     - 
Motility                                                           - 
Catalase                                                          - 
Oxidase                                                           - 
Glucose                                                           + 
O.F                                                                  F 
VP                                                                   + 
Arginine                                                          + 
Starch                                                              - 
Arabinose                                                        - 
Mannitol                                                         + 
Sucrose                                                           + 
Lactose                                                           + 
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 Table 12: Results of Biochemical tests used to identify Aeromonas spp. 
Test                Aeromonas salmonicida      Aeromonas masoucida 
Gram stain                                            -                                      - 
Motility                                                 -                                      - 
Catalase                                                +                                     + 
Oxidase                                                 +                                     + 
Glucose                                                 +                                     + 
O.F                                                        F                                     F 
Arginine                                                +                                     + 
Indole                                                    -                                      - 
V.P                                                        -                                      - 
Salicin                                                   -                                      - 
Sucrose                                                 -                                      + 
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Table 13: Results of biochemical tests used to identify Vibrio spp. 
Test               V. cincinnatiensis      Vibrio fluvialis      V. natriegens 
Gram stain                          –                            –                             – 
Motility                              +                            +                             + 
Catalase                              +                            +                             + 
Oxidase                              +                             +                             + 
Glucose                              +                             +                             + 
O.F                                     F                             F                             F 
Arginine                              -                              +                             - 
Nitrate                                +                              +                            + 
VP                                      +                              -                             - 
Urea                                    -                              -                              - 
Xylose                                +                              -                              - 
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Table 14: Results of biochemical tests used to identify Enterococcus spp. 
Test               Enterococcus faecalis         Enterococcus faecium 
Gram stain                                +                                         + 
Motility                                     +                                         + 
Catalase                                     -                                          - 
Oxidase                                      -                                          - 
Glucose                                      +                                         + 
O.F                                             F                                         F 
VP                                              +                                         + 
Arginine                                     +                                          + 
Arabinose                                   -                                          + 
Mannitol                                     +                                         + 
Sucrose                                       +                                          + 
Lactose                                       +                                          + 
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Table 15: Results of biochemical tests used to identify Pseudomonas spp. 
Test                                    Pseudomonas testosteroni 
Gram stain                                                     – 
Motility                                                           + 
Catalase                                                          + 
Oxidase                                                           + 
Glucose                                                            - 
O.F                                                                  - 
Nitrate                                                             + 
Citrate                                                             + 
Urea                                                                 - 
TSI                                                                   - 
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Table 16: Results of biochemical tests used to identify Bordetella spp. 
Test                              Bordetella parapertussis 
Gram stain                                        - 
Motility                                             - 
Catalase                                            + 
Oxidase                                             - 
Glucose                                             - 
O.F                                                   - 
Nitrate reduced                                 - 
Simmon's citrate                               - 
Urea                                                 + 
TSI                                                   - 
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Table 17: Results of biochemical tests used to identify Provedencia spp. 
Test                               Providencia spp. 
Gram stain                                        – 
Motility                                             - 
Catalase                                            + 
Oxidase                                             - 
Glucose                                             + 
O.F                                                    F 
MacConkey growth                           + 
Simmon's citrate                                - 
Urease                                                - 
H2S                                                    - 
Arabinose                                          - 
Salicin                                                - 
Sucrose                                              - 
Xylose                                                - 
VP                                                      - 
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Table 18: Results of biochemical tests used to identify Enterobacter spp. 
Test                           Enterobacter gergoviae       Enterobacter cloacae 
Gram stain                               –                        – 
Motility                                   +                         + 
Catalase                                  +                         + 
Oxidase                                   -                          - 
Glucose                                   +                         + 
O.F                                          F                         F 
MacConkey growth                +                          + 
Simmon's citrate                     +                          + 
Urease                                     +                           - 
H2S                                          -                           - 
Arabinose                                +                          + 
Lactose                                    +                          + 
Sucrose                                    +                           + 
Xylose                                     +                           + 
Starch                                      -                            - 
VP                                           -                             - 
Indole                                       -                             - 
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Table 19: Results of biochemical tests used to identify Arcobacter spp. 
Test                                     Arcobacter spp. 
Gram stain                                                     – 
Motility                                                         + 
Catalase                                                         + 
Oxidase                                                         + 
Glucose                                                          - 
O.F                                                                 - 
Urease                                                            - 
Nitrate                                                            + 
Indole                                                             - 
H2S                                                                 - 
Starch hydrolysis                                           - 
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Table 20: Results of biochemical tests used to identify Acinetobacter spp. 
Test                          Acinetobacter calcoaciticus 
Gram stain                                       – 
Motility                                             - 
Catalase                                            + 
Oxidase                                             - 
Glucose                                             + 
O.F                                                    - 
Nitrate                                               - 
Lactose                                              - 
Maltose                                              - 
Sucrose                                              - 
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Table 21: Results of biochemical tests used to identify Lactobacillus spp. 
Test                                   Lactobacillus group 2 
Gram stain                                                + 
Motility                                                      - 
Catalase                                                     - 
Oxidase                                                      - 
Glucose                                                      + 
O.F                                                             F 
Nitrate                                                        - 
VP                                                              - 
H2S                                                             - 
Arabinose                                                   - 
Maltose                                                      + 
Salicin                                                        + 
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Table 22: Results of biochemical tests used to identify Yersinia spp. 
Test                              Yersinia intermedia 
Gram stain                                         - 
Motility                                              + 
Catalase                                             + 
Oxidase                                              - 
Glucose                                              + 
O.F                                                     F 
Urease                                                + 
VP                                                      - 
Indole                                                 + 
Simmon's citrate                                 - 
H2S                                                     - 
Arginine                                             - 
Arabinose                                          + 
Lactose                                              - 
Salicin                                               + 
Starch                                                - 
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Table 23: Results of biochemical tests used to identify Serratia spp. 
        Test                             Serratia plymuthica 
Gram stain                                          - 
Motility                                                + 
Catalase                                               + 
Oxidase                                                - 
Glucose                                                + 
O.F                                                       F 
Urease                                                  - 
VP                                                        - 
Simmon's citrate                                   - 
H2S                                                       - 
Arginine                                                - 
Arabinose                                             + 
Lactose                                                 + 
Xylose                                                  + 
Salicin                                                  + 
Starch                                                   - 
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Table 24: the results of antibiotic sensitivity test. 
Bacterial spp                               Ty   T      S      P      CF      E      G      TR         
Staph auricularis                           S    S       S      S       S       S      S        S           
Staph caprae                                  I    S       S      S        S       S      S        S          
Staph haemolyticus                        I     S       I       I         S       S      S        S         
Staph gallinarum                           S     S      S      S         S       S      S       S          
Staph arlettae                                S      S      S      S        S       S       S       S         
Staph hyicus                                  S     S       S       S       S        S      S       S         
Coryn pseudodiphthriticum          S      S      S       S       S        S      S       S          
Micrococcus roseus                       S      S      S       S        S       S       S      S      
Micrococcus varians                     I      S       I        S        S       I        S      I          
Provedencia rettegeri                    R      S      S       R       S      R        S      S        
Bacillus lentus                               S      S       S       S       S       S       S       S        
Bacillus badius                              S      S       S       S       S       S       S       S 
Bacillus coagulans                        I       S       R       I        S      S       S       R  
Bacillus alvei                                 S       S      S        S       S      S       S       S    
Aeromonas sub spp masoucida    R       S       S       R      S        I       S       S        
Aeromonas sub spp salmonicida  R      S       S       R      S         I       S       S        
Arcobacter spp.                              R      S       S       R       S      S       S       I        
Vibrio fluvialis                               R      S        I        R       S      I       S       S        
Vibrio natriegens                           R       S       S       R       S      R      S      S        
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Table 24: continued 
Bacterial spp                               Ty   T      S      P      CF      E      G      TR         
Vibrio cincinnatiensis                  S        S       S       R       S      I       S      S          
Kurthia zopfii                               I        S       S       S       S      S       S      S          
Pseudomonas testosteroni           R      S       S        R      S      R       S      R          
Lactobacillus group 2                  I        S       S         I      S      S        S     S          
Enterococcus faecium                  I        S        S        S       S      S      S     S          
Enterococcus ficalis                     S      S         S        S      S       I       S     S         
Bordetella parapertussis              I      S          S        S      S       S       S     S         
Enterobacter gergoviae                R     I          R        R      S       I       S     S 
Enterobacter cloacae                    R     S         S        R      S       I        S     S        
Yersinia intermedia                       I      S          S       R      S        I       S    S         
Serratia plymuthica                       R     S         S        R      S        R      S    S 
 
+ = positive                       - = negative                     F = fermentative  
O.F = oxidation fermentation test                             VP = Voges-Proskeur test 
TSI = Triple sugar iron         
R = Resistant,                    S = Sensitive,                  M = Moderate and.  
P = Penicillin,                    Ty = Tylosin                    T = Tetracycline                                      
S = Streptomycin              CF = Ciprofloxacin          E = Erythromycin  
G = Gentamycin                TR = Trimethoprim.         
